In this letter, it is shown that dark energy is contributed by riccion (a particle concept for physical aspect of the Ricci scalar curvature) in a natural way without any input in the theory for it. In contrast to other models, where an idea for dark energy is introduced in the beginning of the theory, here it emerges from the gravitational sector spontaneously.
Astronomical observations, during the last few years, provide compelling evidences in favor of accelerating universe at present, which is caused by dominance of dark energy (DE) [1, 2, 3, 4, 5] . The recent observation of 16 Type Ia supernovae (SNe Ia) by Hubble Space T elescope further modifies these results and shows evidence for cosmic deceleration preceding acceleration in the late universe [6] . So, DE has a significant role in cosmic dynamics of the current universe. The simplest candidate for DE is supposed to be the cosmological constant Λ which is very high in the early universe, but there is no mechanism to bring it to present value without fine-tuning. Alternatively, to explain its decay from a very high value, in the early universe, to its present extremely small value, many models [7, 8] were suggested in which Λ is envisaged as a slowly varying function of cosmic time. Apart from dynamical Λ as DE, other models are fluid-dynamics models, where baryotropic fluid is its source with or without dissipative pressure and Chaplygin gas models [9, 10, 11, 12] . In field-theoretic models, the most natural ones are models, where DE is caused by scalars. These are quintessence models [13] , k-essence models [14] , tachyon models [15] and phantom models [12, 16] .
All these DE models are phenomenological in the sense that there is no attempt to derive DE density from a basic theory without incorporating a source for DE in the theory. Cosmology demands a DE model, where DE density ρ (de) emerges spontaneously from a basic theory. With this motivation, here,ρ (de) is derived from the gravitational sector without an input for it.
Natural units ( = c = 1) are used here with GeV as the fundamental unit, where and c have their usual meaning. In this unit, it is found that 1GeV −1 = 6.58 × 10 −25 sec.
The action for higher-derivative gravity is taken as
where R is the Ricci scalar curvature, 10 19 GeV is the Planck mass) and dimensionless α depends on cosmic time t.
The action (1) yields gravitational field equations
using the condition δS g /δg µν = 0. Here, ▽ µ denotes covariant derivative and the operator 2 is given as
with µ, ν = 0, 1, 2, 3 and g µν as metric tensor components.
Taking trace of eqs. (2) , it is obtained that
where
with α(t) = 0 to avoid the ghost problem. Here, overdot gives derivative with respect to time t.
Eq.(4a) shows that the Ricci scalar R behaves as a physical field also with (mass) 2 depending on G, in addition to its usual role as a geometrical field [17, 18, 19] R, being combination of square of first derivative as well as second derivative of g µν has mass dimension 2. Long back, Starobinsky [18] had derived an equation of type (4a), using a different
2 ), with (mass) 2 inversely proportional to ǫ, but independent of G. He called R as scalaron, which is a scalar particle.
He took α = ǫ/16πG as a constant.
In [19] ,it is discussed that the physical aspect of R is manifested by a scalar particle called riccion. Mathematically, it is given by the scalarR = ηR, where η has mass dimension -1. So, mass dimension forR is 1. In a field theory, a scalar has mass dimension 1. So, to be consistent with usual field-theretic models, riccion is defined to have mass dimension 1 in contrast to scalaron with mass dimension 2.Thus R has dual role in the theory (i) as a geometrical field and (ii) as a physical fieldR with (mass) 2 , given by eq.(4b). In [20] , η is taken as a constant and, in the case of scalaron, it is dimensionless having value equal to 1. But, there is no harm in taking η (with mass dimension -1)
as a function of cosmic time also, which is done here. It is important to mention that riccion is different from the scalar mode of graviton, which is highlighted in [20, Appendix A] .
Experimental evidences support spatially homogeneous flat model of the universe [21] . So, the line-element, giving geometry of the universe, is taken as
with a(t) as the scale factor.
In the space-time, given by eq. (5), eq.(4a) is obtained as
and
From this equation, we have equations forR and R as
Further the arbitrary function η(t) is defined through the scale factor a(t) as
where n is a positive real number.
Connecting eqs.(8b) and (9a), it is obtained thaṫ
which integrates to
with A as an integration constant.
The function η(t) is used above to define riccion scalarR = ηR. So, from eq.(9c), it is obtained that
Connecting eqs.(8a),(8b) and (9d) (or (6a) and 9(c)), we obtain a differential equation for α(t) as
. (9e) Moreover, eqs.(6b) and (9c) yield
which gives the first integral
with C as another integration constant.
The equation (11) is the Friedmann's equation with energy density
emerging from gravity. The term
is like energy density for radiation. This type of term also appears in brane-gravity inspired Friedmann's equation, which is called as 'dark radiation density' [23] . So, like brane-gravity, here also ρ (dr) (given by eq.(12b)) is termed as 'dark radiation density'. The other component of ρ, given as
is 'dark energy density'.
Conservation equation for DĖ
where w (de) = p (de) /ρ (de) with p (de) and ρ (de) being isotropic pressure and density for DE respectively.
Using eq. (14), eq.(12c) is re-written as
Eqs. (10) and (11) yield
where, ρ (dr) and ρ (de) are given by eqs. (12b) and (15) respectively.
Moreover, p (dr) is the pressure for dark radiation such that 3p (dr) = ρ (dr) .
Now two cases arise
.
In this case, eq.(16a) reduces to
which is integrated to
with a(0) = a(t = 0).
Investigations start here from the Planck scale (being the fundamental scale).Using a P = a(t = t P ) with Planck time t P = M −1 P in eq. (18), C is evaluated as
as a(0) < a P . Thus,
Connecting eqs. (15) and (20), we obtain that
Taking ρ (de) = 3M 2 P /8πG at Planck scale, A is obtained as
Thus, in this case,
Using eqs. (17) and (20) in (9b), η(t) is obtained as
where η P = η(t = t P ).
Inserting a(t), from eq. (20) with n given by eq. (14), eq.(9e) looks
A solution to this equation is obtained as
where α(0) = 0.
Connecting eqs.(6c), (20) and (25a), m 2 is obtained as
The constant α(0) is arbitrary, so choosing it suitably to satisfy 24πGα(0)(2 − 9w (de) + 9w 
taking G = t P . Thus, we find that eq.(25b) is valid for t ≥ t P .
Case (ii) When ρ (dr) < ρ (de) In this case eq.(16a) reduces to
using eqs.(12c), (14) and (22) . Eq.(26) is integrated to
where B is an integration constant.
Connecting eqs. (12c), (14), (22) and (27), it is obtained that
WMAP data give the present value of DE to be ρ 0 (de) = 0.73ρ cr. , where ρ cr. = 3H 2 0 /8πG. So, using this value of ρ (de) at the present epoch t 0 in eq. (28), B is obtained as
Eqs.(28) and (29) yield
Connecting eqs. (27) and (29), in this case, the scale factor is obtained as
This equation yieldsä(t) > 0 showing accelerated expansion of the universe in this case.
Using eqs. (14) and (31), eq.(9b) is integrated to
Connecting eqs. (9e), (14) and (31), we geẗ
A solution of eq.(33a) is obtained as
Connecting eqs (6c), (29) and (33c), m 2 is obtained as It shows that riccion behaves as quintessence like dark energy.
Eqs.(12b), (19) and (31) yield dark radiation density
Transition from deceleration to acceleration 16 Type Ia Supernova (SNe Ia), discovered by Hubble Space Telescope [6] , provides conclusive evidence for transition from deceleration to acceleration of the universe at red-shift z * = 0.46 ± 0.13. So, the scale factor a * , at the transition time t * , is given by
where a 0 = a(t 0 )(t 0 being the present age of the universe).
Connecting eqs. (31) and (35), it is obtained that
This equation gives t * , which is the time when dark energy begins to dominate dark radiation giving a cosmic jerk. As a result, slowing down universe speeds up with the scale factor, given by eq.(31). The accelerated expansion shows anti-gravity effect caused by DE.
It is obtained above that −0.82 ≥ w (de) ≥ −0.96. So, using w de = −0.82 in eq. (36), t * is evaluated as t * ≃ (0.56 ± 0.11)t 0 = 7.67 ± 1.5Gyr,
taking H 0 = 100hkm/secMpc = 2.33 × 10 −42 GeV, h = 0.68 and t 0 = 13.7Gyr [25] .
For w de = −0.89 ( as given by 16 Type Supernova sample), t * is obtained form eq.(36) as t * ≃ 0.58
For w de = −0.89, eq.(34) yields
at t = t 0 . It means that dark radiation vanishes during dominance of dark energy.
Gravitational constant during acceleration
Lastly, connecting eqs. (9c), (14), (22) and (33c), it is obtained that
when t > t * . Eq.(37) yields α(t)R 2 = 0.022 for w (de) = −0.89. It shows that, in the late universe, α(t)R 2 gives a small correction to Einstein-Hilbert lagrangian in the action (1) . It answers a possible remark "Presence of α(t)R 2 is alright in the early universe due to high curvature during this period, but in the present universe this term is irrelevant in the gravitational action."
Thus eqs. (1) and (39) also yield
for t > t * . It gives a slightly lower value of G for −0.96 ≤ w (de) ) ≤ −0.82 at the cosmological scale in the accelerating universe. For w (de) = −0.82, G eff ≃ 0.98G and G eff ≃ 0.97G for w (de) = −0.89.
When t > t * i.e. when DE dominates over dark radiation, eq. (16a) and (16b) look like
as (1 + 3w (de) ) < 0 and G eff < G (as obtained above). It shows less acceleration (ä) and expansion (ȧ/a) with G eff compared to the same with G. It means that scalar curvature will get reduced by a factor
, when G eff < G.
Another explanation, for this situation, is also possible. Using G eff from eq.(40) in eqs.(16a) and (16b), it is obtained that
. These equations show thatä is increased by a factor 1− 1 27(1+w (de) )(−1+10w (de) ) and expansionȧ/a is increased by 1− 
This equation shows that, in this situation (when there is no change in G), scalar curvature also gets increased , which is due to increase in acceleration and expansion.
Thus, we find that (i) if value of G is decreased depending on w (de) i.e. if G eff < G, acceleration of the universe gets reduced and (ii) if value of G remains unchanged, cosmic acceleration is increased. Future experiments may be able to tell whether G gets reduced at the cosmic scale during dominance of DE or it remains the same. According to the above analysis, acceleration of the universe may impart an important role in taking decision about the gravitational constant G. If it is found that acceleration is increased, there will be no change in G, But if reduction in acceleration is observed, G will have a lower value.
Apart from this, it is interesting to see that dark energy and dark radiation is created spontaneously from gravity using dual nature of the Ricci scalar as a geometrical field as well as physical field (mentioned above +1.45 −1.37 Gyr for w de = −0.89, dark energy begins to dominate giving a sudden jerk to the universe. As a result, a transition from deceleration to acceleration takes place showing the reverse gravity effect of dark energy. It is also found that dark radiation is washed away when t > t * .
